Escherichia coli O157:H7 and other serotypes of Shiga toxinproducing E. coli (STEC) are important causes of food-borne illnesses in people. Most clusters of disease are traced to contaminated food or water, but person-to-person transmissions also occurs (24, 32, 56) . Contaminated beef has been the source of several large outbreaks of disease, and cattle are considered to be a reservoir for E. coli O157:H7 and other STEC serotypes (24, 32, 48, 58) . Healthy cattle shed E. coli O157:H7 intermittently. Among U.S. cattle the overall individual animal prevalence of E. coli O157:H7 is approximately 2 to 3%, while the herd prevalence is much higher (16, 20, 25, 46, 58, 59) . Fecal shedding of E. coli O157:H7 is often seasonal, with increased shedding during the summer (7, 25, 27, 41) , which corresponds to an increased incidence of human disease (27, 37) . Frequently individual cattle are transiently colonized (Ͻ1 month) by one particular strain, but occasional animals excrete multiple strains of E. coli O157:H7 (1, 16, 53) . Individual strains of E. coli O157:H7 can be isolated from some herds for as long as 2 years, whereas other herds remain culture negative for several years (53) . E. coli O157:H7 has also been isolated from healthy sheep (7, 29, 36 ), sheep's milk (50) , and wild deer (47, 51) . Food products from other ruminants, such as venison jerky (33) and goat's milk (3) , have also been implicated as sources of human STEC infection. Both cattle and sheep also harbor other serotypes of STEC, usually at a much higher prevalence than serotype O157:H7 (2, 18, 35, 46, 58) .
In contrast to ruminants, E. coli O157:H7 is isolated much less frequently from other domestic and wild animals (7, 26, 53, 57) . This may be partially due to a sampling bias toward cattle. However, in a survey of 4,229 market swine in the United States, the incidence of E. coli O157:H7 was less than 0.07% (5) . E. coli O157:H7 was not isolated from 1,000 fecal samples from either swine or poultry in England (7) . There are recent reports of E. coli O157:H7 being isolated from swine in Chile (49) and Japan (45) . Although E. coli O157:H7 occurs in nonruminant animals such as dogs, horses, birds, and flies, there is no evidence that the agent is as prevalent or as persistent in these animals as it is in ruminants (6, 26, 53, 57) . Furthermore, the prevalence of all types of STEC appears to be greater in ruminants than in other types of domestic animals (2) .
Both calves and adult cattle have been experimentally inoculated with E. coli O157:H7 (4, 11, 28, 30) . The magnitude of shedding is greatest during the first 2 weeks postinoculation (p.i.) and decreases thereafter. In general, calves shed higher numbers of E. coli O157:H7 organisms for a longer duration than do mature animals (11) . This parallels the results of onfarm studies that show a greater percentage of young animals colonized with E. coli O157:H7 than adults (25, 27, 41, 58) . However, there is considerable animal-to-animal variability in both the numbers of bacteria shed and the duration of shedding (4, 11) . The infection persists for several months in some cattle and calves (11) . Sheep have also been experimentally inoculated with E. coli O157:H7 (34, 37) . The quantity and duration of fecal shedding are similar to those for cattle. Diet appears to influence the colonization of E. coli O157:H7 in both cattle and sheep (10, 30, 34, 37) . Serum antibody to O157 lipopolysaccharide or Shiga toxin 1 (Stx1) acquired from a prior infection does not protect calves from reinfection (31) . Sheep and cattle that have cleared a previous colonization with E. coli O157:H7 can also be reinfected (11, 37) .
Despite the widespread epidemiological evidence that most ruminants are colonized by STEC, the reasons for this observation are not known. We hypothesized that STEC bacteria are better adapted to colonize and persist in the alimentary tracts of ruminants than are other pathotypes of E. coli. We tested this hypothesis by analyzing the frequency, magnitude, duration, and transmissibility of E. coli O157:H7 colonization compared to those for other pathotypes of E. coli when sheep were inoculated with a cocktail consisting of multiple strains representing three pathotypes of E. coli. We found that the inoculated STEC strains tended to persist longer than the enterotoxigenic (ETEC) and enteropathogenic (EPEC) strains included in the same inoculum. We also found that all of the strains were transmitted to naïve animals from infected donors and again that the STEC strains tended to persist longer in the recipient animals than did two of the other strains.
(A preliminary report of this work was made at the 99th 
MATERIALS AND METHODS

Inoculum cocktail.
Strains of E. coli used in the inoculum cocktail are listed in Table 1 . All of the strains used in the cocktail are animal or human pathogens. STEC strain 86-24 was isolated from an outbreak of human disease and causes attaching and effacing lesions in experimentally infected animals (15, 23) . STEC strain 3081 was isolated from a healthy bovine, can persist asymptomatically as long as 6 months in the alimentary tracts of experimentally infected cattle, and causes attaching and effacing lesions in the intestines of neonatal pigs and calves (11, 13) . ETEC strains 2041 and 637 cause diarrhea in experimentally inoculated weaned and neonatal pigs, respectively (43, 52, 54) . F4 fimbriae (K88) host adapt ETEC 2041 for swine, and F5 fimbriae (K99) host adapt ETEC 637 for neonatal calves, pigs, and lambs. EPEC strain E2348/69 causes diarrhea in experimentally inoculated humans and attaching and effacing lesions in animal models (39, 44) . Generally, EPEC and ETEC strains colonize the lower small intestine (ileum). It is not known if STEC strains colonize a specific site in mature ruminants. In short-term experimental studies (2 to 30 days), STEC bacteria have been recovered from the rumen, ileum, and sites throughout the lower intestinal tract (4, 11, 13) .
Virulence genes from all of the strains were confirmed using multiplex PCR (19; B. T. Bosworth and T. A. Casey, Abstr. 97th Gen. Meet. Am. Soc. Microbiol. 1997, abstr. B-509, p. 116, 1997). Resistance to antibiotics (ampicillin, chloramphenicol, kanamycin, nalidixic acid, streptomycin, and tetracycline) and carbohydrate fermentation (dulcitol, sorbose, sorbitol, and sucrose) (12, 17) were determined by standard methods. Spontaneous mutants resistant to nalidixic acid were isolated from strains 86-24, 2041, 637, and E2348/69. Strains were selected so that only two of the five bacteria in the cocktail were resistant to the same antibiotics. These two strains were differentiated from each other by carbohydrate fermentation. This approach allowed for five strains to be differentiated by using three different selective media ( Table 1 ). The recovery of individual strains was compared on selective and nonselective media to ensure that the selective medium fostered the growth of each strain equally (data not shown). The bacterial inoculum was made as previously described (52) . Briefly, strains were grown individually in Trypticase soy broth (TSB) overnight at 37°C with agitation (200 rpm), concentrated 10-fold in TSB, and frozen individually at Ϫ80°C in glycerol. The inoculum was thawed and diluted in TSB just prior to inoculation.
Experimental design. Young adult sheep (5 to 12 months old) were obtained from the Iowa State University herd and acclimated for Ն2 weeks. They were housed two to a room with shared water and feed on concrete floors in BL-2 containment and were fed a low-energy diet of concentrate (40% corn, 22% alfalfa, 15% wheat millings, 10% oat hulls, 7.5% soybean meal; 1 lb/sheep/day) and grass and alfalfa hay (ad libitum). Water buckets were emptied daily and filled with chlorinated city water. During the acclimation period, feces from each sheep were screened to ensure that the background fecal flora did not contain enteric bacteria with the same antibiotic resistance patterns as the cocktail strains. Sheep were inoculated by mixing each of the five strains into a small amount of the feed concentrate. The inoculum was consumed within 2 h. In vitro experiments to determine the survival of the cocktail strains in the feed did not reveal any significant differences between strains (data not shown). Controls (n ϭ 4) were not inoculated. Paired serum samples (prior to and 2 months after inoculation) were collected and analyzed for the development of antibodies to Stx1, Stx2 (n ϭ 18), and O157 lipopolysaccharide (n ϭ 16).
On days when fecal samples were to be collected, the floor was cleaned, the sheep were individually penned, and fecal samples were collected from the floor within 2 h of passage. Individual fecal samples were collected on days 2, 3, 4, 14, 15, 16, 58, 59, and 60 p.i. Previous work with cattle demonstrated that the decrease in the magnitude of STEC shedding is comparatively rapid between 2 days and 2 weeks and is gradual between 2 weeks and 2 months; therefore, samples were not collected between the latter time points (11) . Two months p.i. was selected as the final period because shedding terminates in some, but not all, cattle by this time (11) .
Samples (5 g) were processed immediately by fivefold dilution with phosphatebuffered saline (PBS) and mixing in a Stomacher blender for 1 min; then serial 10-fold dilutions were made in PBS. Aliquots were plated directly onto selective media in triplicate and incubated for 24 h at 37°C. The sensitivity of the direct plating was Ն50 CFU/g. Samples (10 g in 100 ml of medium) were also cultured at 37°C in enrichment broth (TSB with 0.15% bile salts) with agitation for 24 h and then plated onto selective media (11) . Samples from water buckets (10 ml) were cultured in enrichment broth. The identities of the isolates recovered were confirmed by serology (slide agglutination in antisera or a commercial kit for O157) for O antigens. Sheep were necropsied at the end of the experiment (2 months p.i.). The contents of the rumen, ileum, cecum, colon, and rectum as well as tissues from the tonsil and lymph nodes were cultured in enrichment broth. When the enrichment cultures were positive, the original contents (which were held at 4°C overnight) were plated directly the next day. Preliminary experiments comparing the bacterial counts of tissue contents cultured immediately versus after holding for 24 h at 4°C did not show quantitative differences between the treatments (data not shown).
Transmission experiments. Sheep were acclimated for Ն2 weeks prior to the experiment as described above. Donor sheep (6 sheep total in 3 replicates) were orally inoculated with the cocktail shown in Table 1 . The STEC strains, 86-24 and 3081, were given at 10 7 CFU/strain, and the other three strains were given at 10 10 CFU/strain. Three days p.i., each donor was moved into a clean room with a naïve animal of the same age and remained there for the duration of the experiment. Fecal samples were collected from each donor prior to moving. Fecal samples were collected on days 2, 3, 4, 14, 15, 16, 58, 59, and 60 postexposure from both recipient and donor sheep. Samples were cultured as described above. Sheep were necropsied 2 months postexposure. Antibody titers. Serum was heat inactivated for 1 h at 56°C. Neutralizing antibody titers to Stx1 and Stx2 were determined using monolayers of Vero cells (22) . Antibody to O157 lipopolysaccharide was detected using a blocking enzyme-linked immunosorbent assay (ELISA) as described previously except that 1% skim milk (rather than fetal calf serum) was used to block nonspecific binding (38) .
Fecal toxin titers. Assays for free fecal Shiga toxin were performed on Vero cells as previously described except that the sheep feces were diluted 1:5 with PBS and mixed in a Stomacher blender prior to centrifugation (9, 21) .
Statistics. Bacterial counts (CFU per gram of feces) from individual sheep were converted to log 10 units and averaged over days 2, 3, and 4 (initial period), days 14, 15, and 16 (2 weeks), and days 58, 59, and 60 (2 months). Differences in the magnitude of shedding between strains were compared by a paired t test using Bonferroni's method to correct for type 1 error (55) . Differences in the magnitude of shedding due to treatment were compared using repeated-measures analysis of variance (ANOVA). Differences in the duration of shedding between strains were compared using a sign test (55) .
RESULTS
Treatment 1.
Sheep (n ϭ 6) were simultaneously inoculated with all five strains in the cocktail at a dose of 10 10 CFU/strain. During the initial period p.i., all of the strains were recovered b MacConkey agar base; S, streptomycin (100 g/ml); N, nalidixic acid (10 or 20 g/ml); T, tetracycline (10 g/ml); K, kanamycin (30 g/ml); A, ampicillin (100 g/ml).
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COLONIZATION OF SHEEP BY E. COLI O157:H7from all of the sheep (Fig. 1) . The magnitude of colonization by all strains varied considerably for individual animals. In general, both STEC strains and ETEC 2041 were shed in greater numbers than the other two strains. These differences were significant between STEC 86-24 and EPEC E2348/69 and between STEC 86-24 and ETEC 637 (P Յ 0.002). At 2 weeks p.i., STEC 86-24 was recovered from 6 of 6 sheep, while STEC 3081 and ETEC 2041 were recovered from 5 of 6 sheep. Again, the magnitude of shedding of both STEC strains and ETEC 2041 tended to be greater than those of the other two strains. Only STEC 86-24 and ETEC 637 were significantly different at this time (P Յ 0.002). At 2 months p.i., STEC 86-24 was recovered from 2 of 6 sheep, STEC 3081 from 4 of 6 sheep, and ETEC 2041 from 3 of 6 sheep. Neither EPEC E2348/69 nor ETEC 637 was recovered at 2 months p.i. These six sheep were not necropsied.
Treatment 2. The objective of treatment 2 was to determine if strains that persisted for 2 months in treatment 1 would still persist if they were inoculated at a lower dose. Since the magnitude and duration of colonization by ETEC 2041 were similar to those for the STEC strains, and these three strains persisted longer than the other two strains in sheep given treatment 1, the dose of STEC 86-24, STEC 3081, and ETEC 2041 was lowered to 10 7 CFU/strain in treatment 2. The dose of ETEC 637 and EPEC E2348/69 was left at 10 10 CFU/strain. Six sheep were given this treatment regimen. Again, all of the strains were recovered from all of the sheep during the initial period p.i. (Fig. 2) . As was seen with treatment 1, there was a wide variation in the magnitude of shedding for individual sheep.
At 2 weeks p.i., STEC 86-24 was recovered from 6 of 6 sheep and STEC 3081 was detected in 5 of 6 sheep. In contrast to treatment 1, ETEC 2041 was recovered only from 1 of 6 sheep. At this time the magnitudes of shedding of both STEC strains were significantly greater than those of the other three strains (P Յ 0.002).
At 2 months p.i., STEC 86-24 and STEC 3081 were each recovered from 2 of 6 sheep and the other three strains were not recovered. At necropsy, only STEC 86-24 and STEC 3081 were recovered from the rectal contents (feces) of two sheep. None of the cocktail strains were recovered from the other necropsy samples. 
COLONIZATION OF SHEEP BY E. COLI O157:H7ment 2 also demonstrated that both STEC strains, but not ETEC 2041, persisted when the inoculum dose was lowered to 10 7 CFU. In treatment 3 the dose of ETEC 2041 was raised back to 10 10 CFU and the STEC dose remained at 10 7 CFU/ strain. ETEC 637 and EPEC E2348/69 were given at 10 10 CFU/strain. Six sheep were given this treatment regimen. As was seen in the previous experiments, all of the strains were recovered from all of the sheep during the initial period p.i. (Fig. 3) . The initial magnitudes of shedding of STEC 86-24 and ETEC 2041 tended to be greater than those of the other strains, but the differences were not significant. At 2 weeks p.i., STEC 86-24 was recovered from 4 of 6 sheep, STEC 3081 from 2 of 6 sheep, and ETEC 2041 from 3 of 6 sheep. The magnitudes of shedding of STEC 86-24 and ETEC 2041 at this time also tended to be greater than those of the other strains, but the differences were not significant. At 2 months p.i., none of the inoculum strains were recovered from any of the sheep given treatment 3.
Dose effect. The magnitudes of shedding of both STEC 86-24 and STEC 3081 were significantly different (P Յ 0.05) between treatment 1 (10 10 -CFU inoculum) and treatment 2 or 3 (10 7 -CFU inoculum) during the initial period (Fig. 1A, 2A, and 3A) . By 2 weeks p.i., the magnitude of STEC shed was not significantly different between sheep given treatment 1 and those given treatment 2. The magnitude of shedding of ETEC 2041 was significantly different (P Յ 0.05) between all three treat- ments during the initial period (Fig. 1B, 2B , and 3B). The magnitude of shedding of ETEC 2041 continued to be significantly different (P Յ 0.05) between treatment 1 and treatment 2 at 2 weeks and 2 months p.i. This is in contrast to both STEC strains.
Infectious dose of in vitro-grown STEC. In subsequent experiments, the dose of both STEC strains in the cocktail was lowered to 10 5 CFU/strain and the other strains remained at 10 10 CFU/strain. STEC 86-24 was recovered from 4 of 6 sheep during the initial period p.i. (Table 2 ; range, Ͻ50 to 10 4 CFU/ g). It persisted in two sheep at 2 weeks p.i. (10 4 to 10 5 CFU/g) and in one of these sheep at 2 months p.i. (Ͻ50 CFU/g). STEC 3081 was recovered from 2 of 6 sheep during the initial period (Ͻ50 CFU/g) but was not recovered at 2 weeks or 2 months p.i. The dose of both STEC strains was further lowered to 10 4 CFU/strain, and the other strains remained at 10 10 CFU/strain. In this experiment STEC 86-24 was recovered from 2 of 6 sheep during the initial period (Ͻ50 CFU/g) but was not recovered at 2 weeks or 2 months p.i. STEC 3081 was not recovered at any time from any of the sheep given the 10 4 -CFU dose. In these experiments the other three strains in the cocktail were recovered at similar magnitudes and times as those described previously (treatments 1 to 3). At necropsy ETEC 2041 was recovered from the rumina, ilea, ceca, and rectums, (range, Ն50 to 10 5 CFU/g) of 2 of 12 sheep. These two sheep were sharing a room, and one of them shed ETEC 2041 in moderate numbers (range, 10 2 to 10 5 CFU/g) throughout the study. ETEC 2041 was recovered from the second animal only at enrichment levels (Ͻ50 CFU/g) at 2 weeks and 2 months p.i.
Transmission between sheep. The sheep in treatment 3 were used as donors for the transmission experiment. The infected donor sheep transmitted all five of the strains in the cocktail to naïve sheep (Table 3) . STEC 86-24 was transmitted to naïve sheep on 4 of 5 occasions when the donor was shedding Յ10 4 CFU/g at the time it was placed in the room with the naïve animal and to 1 of 1 naïve sheep when the donor was shedding 10 5 CFU/g. STEC 3081 was transmitted to 2 of 6 naïve sheep when the donor was shedding Յ10 4 CFU/g. ETEC 2041 was transmitted to 3 of 3 naïve sheep when the donor was shedding Յ10 4 CFU/g and to 3 of 3 naïve sheep when the donor was shedding Ն10
5 CFU/g. EPEC strain E2348/69 was transmitted to 1 of 6 naïve sheep when the donor was shedding Յ10 4 CFU/g. ETEC 637 was transmitted to 0 of 5 naïve sheep when the donor was shedding Յ10 4 CFU/g and to 1 of 1 naïve sheep when the donor was shedding 10 5 CFU/g. Although both STEC strains and ETEC 2041 were transmitted more frequently to naïve sheep, EPEC E2348/69 was transmitted to one sheep when the donor was shedding Յ10
2 CFU/g of that strain. Antibody titers. Preexisting titers of antibody to Stx1 (geometric mean, 1:142; range, 1:32 to 1:1,000) but not to Stx2 were found in 8 of 18 sheep tested in this study. Two months p.i., 5 of 18 sheep had Ն4-fold increases in Stx1 antibody titers. None of the sheep had antibody to Stx2 after challenge. Preexisting antibody to the O157 lipopolysaccharide was detected in 1 of 16 sheep. Titers of antibody to O157 increased Ն2-fold at 2 months p.i. in 6 of 16 sheep tested.
None of the sheep were clinically ill during the study, and no free fecal toxin was detected during the initial period p.i. in the 14 sheep tested (magnitude of fecal STEC shedding, nondetectable to 10 5 CFU/g). Whenever water buckets were culture positive for one of the cocktail strains (14 of 62), at least one of the sheep in the room was shedding that strain in its feces. The cocktail strains were not recovered from the four uninoculated control sheep.
DISCUSSION
Regarding our hypothesis that STEC strains are better adapted than other pathotypes of E. coli for colonization and persistence in sheep, we found no consistent differences between STEC strains and the other strains in the frequency or intensity of colonization during the initial period, nor were we able to demonstrate that STEC strains were transmitted between sheep more readily than strains representing other pathotypes. However, the STEC strains tended to persist longer than did the other pathotypes. This tendency for longer persistence of (53, 59) .
At necropsy (2 months p.i.) both STEC 86-24 and STEC 3081 were recovered only from the rectal feces and not from any other tissue or intestinal contents. It is not known where STEC strains colonize the alimentary tracts of mature ruminants, although this study and others (11, 14) suggest that the lower intestinal tract may be a likely site. Brown et al., however, recovered E. coli O157:H7 primarily from the rumina of calves necropsied 2 to 4 weeks p.i. (4) . There are differences in the magnitude and duration of colonization by E. coli O157:H7 between calves and mature cattle (11) . Perhaps the site(s) colonized also differs with age. We assume that the STEC persisted in the sheep. However, there is no evidence in this study to rule out the possibility that the STEC strains were continuously reintroduced from the environment by ingestion.
The 50% infectious dose of in vitro-grown STEC 86-24 and 3081 inoculated as a cocktail was approximately 10 5 CFU (Table 2). However, data from the transmission study indicated that an animal may be infectious when it is shedding considerably less than 10 5 CFU/g (Table 3 ). Sheep shedding as little as 10 2 to 10 3 CFU/g of STEC transmitted these strains to some naïve sheep. ETEC 2041 and EPEC 2348/69 shed at comparable levels also resulted in the transmission of those strains to some naïve sheep. In contrast, ETEC 637 was transmitted only when an animal was shedding at least 10 5 CFU/g. In any case, we do not know the route of transmission to the naïve sheep or the actual dose of a particular strain that the naïve sheep received. Penmates were in contact with one another throughout the study and shared both water and feed sources. Water troughs have been proposed as an environmental reservoir and a source of E. coli O157:H7 contamination for cattle (16, 26, 53) . Both STEC strains and ETEC 2041 were transmitted to a greater percentage of naïve sheep than were EPEC E2348/69 or ETEC 637. Transmission of E. coli O157:H7 from experimentally inoculated donors to naïve sheep has been documented previously (34, 37) . In contrast to the findings of the prior study (37) , our data indicated that the transmitted strains could be recovered for up to 2 weeks from some sheep. These differences could be due to the STEC strains that were used or to differences between sheep.
The magnitude and duration of colonization of STEC 3081 in sheep given 10 10 CFU were similar to those obtained with cattle, where persistence of this strain was documented for 7 weeks in 2 of 9 mature cattle given the same dose (11) . When the inoculum dose was lowered to 10 7 CFU, strain 3081 was recovered from 2 of 5 adult cattle 1 to 2 days p.i. and was not recovered after that. This is in contrast to our data with sheep, wherein 6 of 12 sheep given 10 7 CFU of STEC 3081 were shedding at 2 weeks p.i. and 2 of 12 remained culture positive for at least 2 months. Sheep were used as a ruminant model because they are less expensive and easier to handle than cattle. In addition, sheep are naturally infected with E. coli O157:H7 and other STEC strains (7, 18, 29, 36) .
Some of the differences between strains in the magnitude and duration of colonization may be due to host specificity, since neither EPEC E2348/69, ETEC 637, nor ETEC 2041 was originally isolated from a ruminant. However, pathogenic E. coli strains with virulence traits similar to those of EPEC E2348/69 and ETEC 637 (eae or F5 and STa) infect and cause disease in both lambs and calves (40, 42) . The persistent colonization of ETEC 2041 in mature ruminants was unexpected. In contrast to F5 ϩ ETEC strains (such as ETEC 637), F4 ϩ ETEC strains are generally regarded as pig pathogens and are not commonly isolated from other species (42) . The magnitude and duration of colonization by ETEC 2041 in sheep were significantly more dose dependent than those for the STEC strains ( Fig. 1 and 2 ). Our data also suggest that there may have been exclusionary or suppressive competition for some niche between the STEC strains and ETEC 2041. When ETEC 2041 and the STEC strains were given at 10 10 CFU, all three strains persisted for 2 months in some sheep (Fig. 1) . When all three strains were given at 10 7 CFU, only the STEC strains persisted (Fig. 2) . When ETEC 2041 was given at a 1,000-foldhigher dose than the STEC strains, neither the STEC strains nor ETEC 2041 persisted past 2 weeks p.i. (Fig. 3) . As part of another study, we inoculated several sheep with 10 10 CFU of STEC 86-24 only (8) . Fecal shedding during the initial period and 2 weeks p.i. was somewhat greater (1 to 2 log 10 CFU/g) than when the strain was given as part of a cocktail. At 2 months p.i., the magnitude of shedding and the percentage of culture-positive sheep that were inoculated with STEC 86-24 only were similar to those found when the strain was inoculated as part of a cocktail. This also suggests that there was competition between the strains in the cocktail and that this competition may have influenced the magnitude of STEC shedding during the initial and 2-week periods of the study reported here. Regardless of the competition between the strains in the cocktail, all of the inoculum strains were subjected to competition with the endogenous flora. Our data suggest that the STEC strains were able to establish a population and perhaps exploit a niche more consistently than the other pathotypes of E. coli.
If the E. coli O157:H7 strains selected for this study are representative of STEC in general, the tendency for STEC to persist in some animals may explain how the ruminant reservoir is maintained. Only a few persistent shedders in a herd would be enough to transmit STEC to naïve animals. Our data suggest that the infectious dose of in vivo-grown STEC may be lower than the 10 5 CFU reported here for in vitro-grown STEC. Our initial focus was on transmission by sheep shedding low numbers (at or below the 50% infectious dose for in vitro-grown organisms) of STEC bacteria, because such transmission is relevant to natural transmission even though such an experimental design does not allow determination of the infectious dose for the in vivo-grown organisms. However, studies to determine the infectious dose of in vivo-grown STEC are now in progress. Studies with additional strains of E. coli will be required to determine if an enhanced ability to persist is a general attribute of STEC or occurred merely by chance in the two strains selected for this study. It would also be useful to determine if the persistence attribute in the STEC strains studied here would be apparent in nonruminant animals and if any of the known putative virulence factors of STEC strains (intimin, Shiga toxin, and enterohemolysin) contribute to their persistence in ruminants.
